Introduction
Acute myeloid leukemia (AML) is the most common form of acute leukemia in adults. Clinically, it is characterized by an uncontrolled proliferation and differentiation block in immature hematopoietic stem cells and progenitor cells (HSPCs) resulting in an accumulationNoushmehr H and his colleagues (Figueroa et al., 2010) have shown that the global methylation DNA methylation in leukemic blasts is distinct from that seen in normal CD34+ cells, and that DNA methylation patterns alone can segregate AML samples into categories with significant clinical and biological features. Thus, reversal of aberrant DNA methylation events by DNA methyltransferase (DNMT) inhibition represents a biologically rational and clinically promising treatment approach since the decitabine have demonstrated significant single-agent activity in AML (IARC. 2008; Ley et al., 2010; Patel et al., 2012; Wertheim et al., 2012; . The aim of the present study was to investigate the global DNA methylation pattern and specific methylation status in 5 gene promoters of stem cell related transcription factor Sox2, Oct4, Klf4, C-Myc, and Nanog in DNA from peripheral blood and to correlate these findings with progression free survival (PFS) and overall-survival (OS) after decitabine based chemotherapy in patients with newly diagnosed or relapsed/refractory AML.
Materials and Methods

Patients
From Jan 2013 to June 2015, a total of 42 patients with AML were recruited to hematology department of the 2nd hospital of Soochow University, China. Informed consent was obtained from every patient for laboratory studies according to the guidelines of Committee of Medical Ethics of Soochow University Hospitals. The median age was 63(20-78) years. According to FrenchAmerican-British (FAB) classification system, there were M0 (n=3), M1 (n=6), M2 (n=19), M3 (n=1), M4 (n=6) and M5 (n=7). Main characteristics of the patients are shown in Table 1 . BM aspirates were harvested directly after formal written consent was obtained. Bone marrow mononuclear cells (MNCs) were separated by FicollHypaque density gradient centrifugation. The metaphase chromosomes were banded by the R-banding techniques and karyotype according to the International System for Human Cytogenetic Nomenclature (Tien et al., 1995) . A panel of monoclonal antibodies to myeloid-associated antigens, including CD13, CD33, CD11b, CD15, CD14, and CD41a, as well as lymphoid-associated antigens, including CD2, CD5, CD7, CD19, CD10, and CD20, and lineage nonspecific antigens HLA-DR, CD34, and CD56, were used to characterize the immunophenotypes of the leukemia cells.
All patients were divided into three groups according to their disease status. The groups were as fellows: 1) newly diagnosed AML patients (n=20); 2) relapsed/ refractory AML patients (n-10); and 3) AML patients who had already got completed remission (n=12) as positive controls(only for consoliation therapy). All included patients were receiving the same treatment protocol, but the elder(age ≥65) patients received relatively low dose chemotherpy ; in brief, they received 1-2 cycles of decitabine based induction chemotherapy (decitabine 20mg/m 2 ×3-5 days, aclacinomycin 10mg/m 2 ×5 days, Ara-C 10mg/m 2 q12h×10-14 days, and G-CSF 150μg/ d×10-14 days) depending upon BM aspiration done at the end of each induction course (post-induction remission). Additional consolidation regimens included 1 cycles of DA×7 days (doxorubicin 45-60mg/m 2 + Ara-C 100mg/m 2 , q12h ). Then, patients received intermittent chemotherapy(Ara-C 1.5-2.5g, q12h×3 days) every 2 months for 4-6 cycles with the standard follow-up care and regular BM aspiration to confirm remission. The patients undergo follow up.
DNA isolation
Blood samples from all AML patients were obtained at -1, 1, and 7 pre-and post-chemotherapy. Mononuclear cells (MNCs) were separated by Ficoll-Hypaque density gradient centrifugation. Genomic DNA was isolated from NMCs. Briefly, The extraction was performed using the commercial DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany) according to manufacturer's protocol and the 260/280 nm absorbance ratio was used to assess the purity of DNA.
Global and specific DNA methylation analysis
Global methylation status was determined in all patients by a specific ELISA assay (MethylFlashTM Methylated DNA quantificacion Kit; Epigentek, Farmingdale, NY, USA) in total DNA, which is based on recognition and quantification of the DNA methylated fraction by a 5-methylcytosine (5-mC) antibody. The assay was performed according to manufacturer's protocol.
Specific-gene DNA methylation analysis
Specific-gene DNA methylation was determined in CpG islands of 5 genes in 42 patients with enough DNA by a DNA methylation PCR system based on DNA digestion with methylation sensitive and/or dependent restriction enzymes (Methyl-ProfilerTM DNA Methylation PCR Array System; Qiagen, Hilden, Germany). According to manufacturer's protocol, DNA was treated with sensitive and/or dependent restriction enzymes, active against methylated and unmethylated DNA, respectively. The genes selected and studied shown in Table 2 .
Data analysis
Statistical analyses of data were performed using the Statistical Package for the Social Sciences (SPSS) software version 17.0 (SPSS Inc., Chicago, IL, USA) and R 2.9.2 soft-ware (Vienna, Austria, 2008) . KolmogorovSmirnov test was done to test the normality of data distribution. All p values were two-tailed and the threshold of statistical significance was p less than 0.05. Chi square test was used to compare groups. Quantitative data were presented as median, range, mean and standard deviation. For comparison between two groups; student t-test and Mann-Whitney test (for non-parametric data) were used. For comparison between more than two groups; ANOVA and Kruskal-Wallis (for non-parametric data) were used. Clinical and biological parameters were recorded at the time of diagnosis. Descriptive statistical analysis of the main characteristics of patients was performed. Association of global and specific DNA methylation status with PFS and OS, was determined using the Kaplan-Meier method and log-rank test. The cut-off value to dichotomize DOI:http://dx.doi.org/10.7314/APJCP.2016.17.1.431 Global and Gene-specific DNA Methylation in de Novo or Relapsed AML Patients Treated with Decitabine the continuous variables associated with PFS or OS was calculated by Graphpad Prism 5.0 software.
Results
All 30 patients were evaluable for response. Overall response (OR) was achieved in 73.4% of the patients (complete remission(CR) 60%, partial response(PR) 13.4% and no response 26.6%) after finishing the 2nd circle of induction therapy. Among 20 newly diagnosed AML patients total of 15 patients got CR and 2 PR, while only 3 relapsed/refractory AML patients got CR and two PR. The median PFS and OS after decitabine based therapy were 11.5 and 25.6 months, respectively. Our data demonstrated that there was a trend to a longer OS and PFS in the case of low global methylation status and specific gene methylation status after treatment.
Global methylation status
A low global methylation status was observed in these who had already got CR and normal controls group (0.043±0.018ng/ml and 0.052±0.089ng/ml respectively). A high level of 5-mC was detected among the de novo AML and relapsed/refractory AML patients. The value was 0.16±0.089ng/ml and 0.136±0.043ng/ml respectively. The level of 5-mC of newly diagnosed or relapsed/refractory AML was higher than those in normal and positive controls (p<0.05). A decrease of global methylation status was observed in all the patients treated with decitabine based chemotherapy at day1 or days 7, but it seemed that the 5-mC levels decreased significantly at day 7 in the de novo AML and relapsed/refractory AML groups, there was statistical significant between the newly diagnosed AML (day1, 0.0838±0.030ng/ml and day7, 0.055±0.028ng/ml) and relapsed/ refractory AML patient (day1,0.248±0.142ng/ml and day7, 0.155±0.103ng/ml) as in comparison with normal controls or positive controls (p<0.05) . Our data showed that there were no significance of the 5-mC levels of among with the age, gender, FAB classification, white blood cell count, blasts, hemoglobin, and platelet before treatment except the disease status ( Table 1) .
The value obtained at day 7 by MaxStat to dichotomize the patient group was 0.113 ng/ml and there were 17 patients whose 5-mC level higher than 0.113ng/ml and the others were less than 0.113ng/ml. Patients with less than 0.113ng/ml of total DNA methylated achieved higher CR than patients with more methylated DNA and also those patients achieved better OS and PFS (median 21.3 versus 15 months) (p = 0.004; Figure 1 )
Specific-gene methylation status
Concerning methylation on specific-genes, except to Nanog, the methylation status in pre-treatment patients tended to increase according to the disease status. Our data showed that only a low status of partially methylated Sox2 and Nanog detected among the normal controls (15.4% and 30% respectively), while Oct4, C-Myc, and Klf4 genes methylation were not detected. A relatively low methylation percentage of 5 specific-genes methylation status was detected in patients who had already got CR. The ratio of Sox2, Oct4, Klf4, C-myc and Nanog gene methylation was 50%, 50%, 41.7%, 33.3%, and 100% respectively. The highest percentage of methylation status associated with those newly diagnosed or relapsed/ refractory AML patients. they were 90%, 76.7%, 70%, 86.7% and 100%respectively and was higher than those in CR patients (p<0.05; Figure 3 ). The methylation status decreased after demethylation therapy. Statistic analysis with methylation status for all these genes showed that Sox2 and Oct4 gene associated with a differential profile to demethylation therapy, showing the responders a lower methylation status (p=0.029, Figure 3) . A relatively low methylation percentage in these two genes or both was also associated with longer OS after decitabine based chemotherapy(p=0.015; Figure 4) .
The combination of two factors (1) a relatively high methylated global genome (>0.113) and (2) a higher Sox2 or/and Oct4 methylation status identified a specific subset of patients with an extremely short OS. This combination of both factors allowed the identification of three subsets of patients with different median OS. For patients with none, one or two factors, the OS was 17.6, 11.7 and 6.3 months respectively(p=0.005).
No other factors were associated with a different OS at the univariate analysis, except the blasts in bone marrow. At multivariate analysis including age, FAB classification, gender and white blood cell count, the variables previously established as prognostic in OS such as gene mutation, global DNA methylation and specific gene methylation status, were the only ones retaining statistical significance (Table 1) . Concerning PFS, the number of previous treatment lines had significant prognostic impact which was retained at multivariate analysis. There was also a trend to a shorter PFS in the case of Sox2 or Oct4 methylation status whether in novo or relapsed AML.
Discussion
Aberrant regulation of DNA methylation is characteristic of cancer cells and clearly influences phenotypes of various malignancies. Although AML has been traditionally thought of as a genetic disease driven by the somatic acquisition of multiple oncogenic mutations, recent studies have clearly shown that it is also an epigenetic disease and that dysregulation of DNA methylation and/or chromatin structure plays a central role in leukemogensis (Corces-Zimmerman et al., 2014; Kadia et al., 2015) . Despite these associations, routine multilocus assessment of epigenetic phenomena is not common, due in part to the difficulty and expense involved in establishing and performing epigenetic assays. We found that a relatively high DNA global methylation was an independent prognostic factor in patients AML before treatment and those whose methylation status decreased after demethylation therapy seemed to have higher CR rate and longer PFS. Of note, these results were obtained by Elisa, a cheap and fast technique that should be clinically explored in prospective studies.
Claus R and colleagues (Claus et al., 2010; Pollyea et al., 2011) demonstrated that high DNA methylation in the AML patients before treatment and found decitabineinduced DNA methylation changes occur very early and imply mechanisms distinct from non-hypomethylating cytosine analogs. Our results demonstrate the feasibility of monitoring early DNA methylation changes in AML patients undergoing treatment with DNA methyltransferase (DNMT) inhibitors, at a time when results are not potentially confounded by selection of resistant cells or even replacement with normal hematopoietic cells. Pretreatment methylation patterns demonstrated consistently elevated DNA methylation in the AML patient samples compared to healthy controls. Following decitabine based treatment, both global and genes specific hypomethylation events were detectable as early as one days after exposure which indicates that epigenetic changes are induced early after the start of therapy and hypomethylation status showed a time depend manner. Furthermore, distinct pretreatment DNA methylation differences and the course of AML pathogenesis might explain heterogeneity of demethylation patterns. Cells from patients with relapsed/ refractory AML, for example, were shown to exhibit more extensive aberrant DNA methylation and higher 5-mC. Our data also demonstrated that the dynamically detecting the change of 5-mC levels during the decitabine-based therapy might be useful as potential tumor burden in the prognosis of patients with AML.
Uncontrolled self-renewal is proposed to be an important mechanism in carcinogenesis and on the basis of the cancer stem cell (CSC) hypothesis, a tumor may be sustained by a subset of cancer cells with stem cell-like features that have the ability for self-renewal and pluripotency (Mazzarella et al., 2014) . It was first discovered in 2006 by Takahashi and Yamanaka through the overexpression of four key transcription factors, Oct4, Sox2, Klf4 and c-Myc, which resultes changes in the epigenome of the cells, therefore the cells requires and re-establishs the characteristic of pluripotent stem cell (Firas et al., 2015; Takahashi and Yamanaka, 2006) . Recent studies (Claus et al., 2013; Bullinger et al., 2010; Kon Kin et al., 2015) were confirmed that the Oct4-Sox2-Nanog network was required for the activation of self-renewal regulators and showed that several genes have been identified as hypermethylated, such as tumor suppressor genes, cell-cell signaling and cell adhesion molecules. Thus, hypermethylation of genes might involve in myelopoiesis. But how about the methylation changed on self-renewal genes during the myelopoiesis was not clinically explored. Particularly, DNA hypermethylation at distinct genomic loci is a frequent and specific event during leukemogenesis that is associated with transcriptional gene silencing and that defines subgroups of distinct prognostic and predictive properties (Zhao et al., 2015) . Amin S and colleagues (Amini et al., 2014) had demonstrated that stem cell markers Oct4, Nanog, Sox2, nucleostemin, Bmi, Zfx, Esrrb, Tcl1, Tbx3, and Dppa4 significantly express in cancer cell lines and cancer tissues. Hence, these markers might be useful as potential tumor markers in the diagnosis and/or prognosis of tumors.
By using methylation-specific PCR, we reports for the first time the methylation status of self-renewal regulator factors such as Oct4, Sox2, C-myc, Klf-4 and Nanog pre-and post decitabine-based chemotherapy. These genes are required for efficient self-renewal of normal hematopoietic stem cells and/or leukemia stem cells. Our results demonstrated that the methylation status of those genes tended to increase before treatment except the Nanog. A low status of partially methylated Sox2 and Nanog status was found among the normal controls(15.4% and 30% respectively), while methylation of Oct4, C-Myc and Klf4 gene was not detected. The highest percentage of methylation status of Oct4, Sox2, C-myc, and Klf-4 was associated with those novo or relapsed/ refractory AML patients, which were 90%, 76.7%, 70%, and 86.7% respectively and was higher than those in CR patients (p<0.05). Zhao et al. (2015) found a significant correlation between the expression of OCT-4 and the proportion of peripheral blood naïve cells, which serve as an important parameter for leukemia diagnosis and prognosis. Interestingly, our results showed methylation status of Sox2 and Oct4 gene associated with a differential profile to demethylation therapy, showing the responders a lower methylation status (p=0.029, Figure 3) . A relatively low methylation percentage in these two genes or both was also associated with longer OS after decitabine based chemotherapy(p = 0.015; Fig. 3) . Interestingly, our results showed no correlation among the methylation of those two genes with FAB classification, white blood cell count, hemoglobin, and platelet before treatment except the disease status (data no showed), implying that the OCT-4/ Sox2 mainly presented on the leukemia stem/progenitor cells. These data seem consistent with the recent finding that Oct-4 maintains non small cell lung cancer cells in a poorly differentiated state through a mechanism that depends on promoting cell proliferation. The observation is also consistent with the previously published data showing the role of OCT-4 in other solid tumors, such as in malignant ovarian tumors reported by Peng (Peng et al., 2010; Chen et al., 2012) and in breast cancer reported by Liu et al. (2102) .
In conclusion, our study demonstrated that there is a high level of global DNA methylation status in peripheral blood(PB) MNCs of active leukemia patients. The patients with high level of 5-mC has a poor prognosis after demethylation therapy and those who have low levels of 5-mC in PB achieved higher CR and better OS, but there is no significant correlation found among the 5-mC levels of with the age, gender, FAB classification, white blood cell count, blasts, hemoglobin, and platelet before treatment except the disease status. Our data also showed that higher percentage of methylation of Sox2, Oct4, Klf4, and C-myc gene found among the patients of newly diagnosed or refractory/relapsed AML. Higher methylation status of Sox2 and Oct4 gene associated with a differential profile to demethylation therapy. A relatively low methylation percentage in these two genes or both was also associated with longer OS after decitabine based chemotherapy. This observation is of considerable significance since global DNA methylation and gene-specific DNA methylation is known to have an oncogenic activity. We also suggest that global DNA methylaiton and Oct-4/Sox2 might impact in the pathogenesis of leukemia and play an important role in the initiation and progression of leukemia. Moreover, the dynamic analysis the 5-mC and Oct-4/Sox2 in peripheral blood nucleated cells of leukemia patients may serve as an important molecular diagnostic and prognostic target in leukemia.
